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ABSTRACT
The advent of the energy crisis has placed a greater reliance 
on coal and other high sulfur fuels. When any sulfur-containing fuel
is burned, sulfur dioxide is released as a by-product. By burning ad­
ditional amounts of coal, we will be introducing greater amounts of 
sulfur dioxide into the air. Sulfur dioxide is a toxic pollutant in 
its own right, but by the action of air, sunlight, and moisture, sulfur 
dioxide is converted to sulfuric acid aerosol. The main problem with
an aerosol is its lack of mobility as compared to a gas such as sulfur
dioxide. The low mobility of the acid aerosol raises the possibility 
of high localized concentrations.
This Dissertation will discuss the measurement of sulfuric 
acid aerosol, Including sampling, separation, and analytical finish.
It was evident early in our work that most sulfate methods would not 
perform properly at the levels necessary (1 to 50 M®)• A new method 
for determining sulfate was developed where sulfate was precipitated 
as the perimidylammonium sulfate [(PDA)2S04], When the (PDA)2S04 was 
heated at 5OO0 in a nitrogen-purged oven, sulfur dioxide is quantita­
tively evolved. The West-Gaeke procedure was used to measure the 
evolved sulfur dioxide.
The sampling of the acid was accomplished by using a O .5 M> 
Fluoropore Teflon filter. Once a sample was collected, the sulfuric 
acid waB separated from the gross air sample by heating the filter to 
I250 for 2 hours. A small petri dish was placed over the air sample 
and the acid was trapped on the inside of the dish by using a suitable
vii
abaorbant. It was found that the amount recovered waa dependent on the 
concentration of acid on the filter. There was, however, a plateau 
reached when 5 more micfograma of acid were collected. By operating 
on this plateau, 8656 of the sulfuric acid was recovered from the filter.
By coating the inside of the petri dishes with perlmidylammonium bromide 
(PDA-Br), (PDA)2S04 was formed directly. Without any further treatment, 
the petri dishes were heated in the pyrolysis oven and the sulfur dioxide 
evolved and measured.
The total sulfate content of a filter was determined by extract­
ing a filtered air sample with a 50$ methanol-water solution. The sulfate 
was precipitated by addition of PDA-Br, and the (PDAj^SO.^ formed was 
pyrolyzed. By knowing the sampling flowrate and time of sampling, the 
ambient concentration of sulfuric acid or total sulfate could be calcu­
lated from the amount of sulfur dioxide evolved.
viii
PART I
INTRODUCTION
1
INTRODUCTION
Modern man prides himself on his accomplishments In taming 
the world and molding it after his fashion. Some feel this progress 
has been but a shallow victory in light of the price the environment 
has paid. The problem of pollution, however, is an old one, as early 
man can verify. He, too, probably turned from those first cooking 
fires with tears in his eyes and a gag in his throat and asked, "Is 
this progress?"
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CHAPTER I. SULFURIC ACID AEROSOL AS AN AIR POLLUTANT
A. Background and Emission Sources of Sulfuric Acid
In 1275, the English thought London's air was so bad that 
they banned the burning of sea coal. In 1661, John Evelyn submitted to 
Charles II a pamphlet entitled, "Fumifugium, or the Smoake (sic) of 
London Dissipated", in which he predicted many of the problems we have ■ 
today.1 The Londoner's distress was due to burning coal in poorly de­
signed furnaces. The resulting smoke contained near-toxic, toxic, and 
odoriferous components of which sulfur dioxide was one of the more toxic 
products. Since the energy crisis is upon us, the shortage of domestic 
gas and oil supplies will force us to use greater amounts of coal. Even 
low sulfur coal contains more sulfur than a clean fuel like natural gas, 
and the most plentiful sources of coal in the United States are not of 
the low sulfur variety. Thus, the United States Congress is debating 
an upward revision of the maximum allowable sulfur dioxide emission 
concentrations in order to take advantage of the large coal reserves in the 
United States. Any retreat from present standards will allow wide­
spread use of coal which previously wasn't possible due to its sulfur 
content. The revision of the Air Quality Act will also benefit indus­
trial .procedures like coke production and ferrous and non-ferrous 
metallurgical processes which emit sulfur dioxide as a by-product.2 
All industries will be able to use cheaper, higher sulfur fuels with 
less pollution control of sulfur dioxide. The net result will be an 
Increase of the sulfur dioxide introduced into the environment.
Sulfur dioxide by itself is harmful, but it has been well 
documented that in the presence of oxygen, moisture, and sunlight,
sulfur dioxide is converted to sulfuric acid.3 The toxicity of sulfuric 
acid is much greater than that of sulfur dioxide, and at the same time 
the sulfuric acid is in the form of a mist. While the sulfur dioxide 
emitted from any given source will be dissipated in a large volume of 
air because of its mobility as a gas, the sulfuric acid mist will be 
much less mobile, and its effect will be localized at the point of its 
formation. The low mobility and the localized effect of sulfuric acid 
mist is especially significant when one realizes that some sulfuric acid 
is produced directly by most sulfur dioxide sources, the amount produced 
varying according to operational conditions.
Looming on the horizon is a new source of sulfuric acid aero­
sol, the catalytic converter. Though designed to convert carbon monoxide 
to carbon dioxide, the catalytic converter has recently4 been shown 
capable of oxidizing sulfur dioxide to sulfur trioxide. The sulfur tri­
oxide in the humid atmosphere of a car’s exhaust system would be emitted 
as sulfuric acid. The danger here is one of localized increases of 
sulfuric acid causing harm to pedestrians near heavily traveled roads.
As of this writing, plans are still set to equip cars with catalytic 
converters in the 1975 model year.
B. Characterization and Health Effects of Sulfuric Acid Aerosol
Since air pollution studies were initiated, sulfuric acid has 
been identified in the atmosphere. The toxicity of sulfuric acid in 
gross quantities is well known, but until recently the effect of sul­
furic acid aerosol has not been Investigated. Amdur5’6 exposed labora­
tory animals to various amounts of sulfuric acid aerosol. She found
5that exposure to sulfuric acid resulted in narrowed air passages caused 
by bronchostenosis, mucosal swelling or increased secretion. As a 
result of these effects, people who already have trouble breathing (the 
old, asthmatic, or heart patients) can be killed not by the direct cor­
rosive qualities of sulfuric acid, but by the respiratory strain that 
sulfuric acid aerosol places on an already stressed person.
The correlation between high concentrations of sulfuric acid 
aerosol and deaths resulting from respiratory distress was not imme­
diately apparent. In most air pollution episodes many other pollutants 
were present at high levels. For example, during the Meuse Valley fog7 
of 1930, sulfur dioxide levels as high as 8 ppm were found. That level 
was high, but not fatally toxic, yet 63 people were killed in a 5-day 
period. Fricket7 was the first to note that only those areas that were 
subjected to emissions m m  heavy industry and fog exhibited excess mortality 
rates. Fricket also found that in previous fogs, excess mortalities 
(deaths above statistical average for a given period of time) occurred 
during times of industrial activity. Fricket warned that if the same 
event happened in London, death rates as high as 3,200 could be expected.
The disaster that Fricket predicted took place in London in 
1952. For the period of Decenber 5 through 9 a total of 3)500 to i|,000 
excess mortalities was recorded. The sulfur dioxide levels only 
reached 1.3^ ppm, but the suspended particulate matter8 was found to be 
i4-,500 (j,g/m3. This extremely high concentration of suspended material, 
and the fact that all deaths were characterized by respiratory tract 
irritation, implicated some agent other than sulfur dioxide. The prime 
candidate was sulfuric acid which as we have already stated can be 
formed in the atmosphere by photo-oxidation of sulfur dioxide. The end
6result is the formation of a highly toxic atmospheric aerosol which 
contains sulfuric acid by itself or attached to suspended particulate 
matter.
Another facet of the sulfuric acid toxicity problem is the 
result of the relationship between particle size and depth of penetra­
tion into the lungs. Particles above 2 n in diameter are normally 
trapped in the upper respiratory tract and expelled, while particles 
in the 0.1 p. to 2 p, range will penetrate deep into the lung, where the 
most damage can occur. Several researchers9"12 have studied the parti­
cle size distribution for sulfate aerosols. Their results are in good 
agreement as a range of 0.35 to 0,45 ^ mass median diameter
was found. One study11 commented that 80 to 90$ °f the sulfate mea­
sured was in the respirable range. Amdur5 confirmed that the effect 
of the aerosol depended on particle size. She found as the particle 
size was decreased, an increase was noted in the flow resistance to 
respiration in animals. Other sulfates produced similar results. A 
comparison of zinc ammonium sulfate, zinc sulfate and ammonium sulfate 
showed zinc ammonium sulfate to be the worst irritant. When zinc am­
monium sulfate and sulfuric acid aerosol of equal particle size were
*
compared, sulfuric acid was the greater irritant.
This dependence on particle size was aptly illustrated by the 
Donora, Pennsylvania fog (19^) which killed 17, and left 43$ of the 
14,000 people affected.13 Though other air pollution episodes have 
occurred in the U.S. (Detroit14 and New York15), the Donora episode
*This comparison has not been explored completely. For some of the 
added problems involved in the comparison, see Amdur ref. 5*
7was unique since the calls for assistance ceased on the fifth day even 
though the fog remained quite dense. It is quite possible that the fog 
droplets containing sulfuric acid underwent a physical change. A simple 
maturation of the fog droplets due to a change in meteorological condi­
tions could easily have converted the small toxic droplets to large 
non-toxic droplets. Thus the fog remained, but its toxicity decreased.
The lack of any suitable method to measure sulfuric acid as 
such precludes any direct statement on the actual agent responsible for 
the deaths in the above air pollution episodes. The weight of evidence 
strongly suggests that sulfuric acid aerosol was the killer.
CHAPTER II. PREVIOUS ATTEMPTS AT MEASURING SULFURIC ACID AEROSOL
Once sulfuric acid and sulfates were implicated as severe 
respiratory irritants, investigators began to look for Bulfuric acid 
in the air samples with a variety of methods. The accuracy of their 
results not only depended on the skill of the Investigator, but more 
often on his or her luck in making the proper assumption. Most inves­
tigators assumed that either the total acidity or the total sulfate 
found was due to the sulfuric acid. In some samples this assumption 
would be valid, but in most it would not. Thus, the literature is 
littered with terms like "acid sulfate", "particulate acid" or "fixed 
soluble sulfate", depending upon whether die method employed measured pro­
tons or the sulfate anion. Such terms only hide the fact that there 
is no method available today for the measurement of sulfuric acid as 
an identifiable species. The numbers that have been obtained are the 
result of fairly complicated or tedious procedures. In order to appre­
ciate the problem better, one must realize that in a city like Pittsburgh 
a typical summer air sample would contain approximately 12-16 fig/m3 of 
sulfuric acid aerosol.10 Sulfuric acid aerosol was measured by the same 
method in London, and concentrations of 7 ^g/m3 and 18 p.g/m3 were found 
in summer and winter, respectively.10 Thus, any method used must be quite 
sensitive unless extremely large air samples are to be collected.
The above values can only be used to indicate the concentra­
tion of sulfuric acid found in the atmosphere. Because of the sampling 
procedure used (collection on Whatman No. 1 filter paper), alkaline 
materials present in the air sample would react with the sulfuric acid 
collected on the filter’s surface, and reduce the amount of acid measured.
9One must understand that an air sample is mostly particulate matter of 
which sulfuric acid comprises less than 1$. The possibility of topo- 
chemical reactions occurring between carbonates, metal oxides or fly 
ash, and sulfuric acid increases as the unused surface of the filter is 
decreased during prolonged sampling. Thus, if large samples are taken, 
the possibility of interference is increased and the results of the 
method is suspect. A short review of sulfuric acid aerosol methods based 
on proton or sulfate measurements follows.
A. Measurement of Sulfuric Acid Aerosol as Protons
Early investigators using the measurement of acidity as a 
measure of sulfuric acid concentration assumed that the acidity found 
was directly' related to sulfuric acid aerosol. As information on the 
make-up of air samples grew, investigators realized that other acidic 
compounds existed in the atmosphere. Later methods employed corrections 
for this possibility. Coste and Courtier17 removed the sulfur dioxide 
from an air sample and then saturated the resultant air stream with 
water vapor. The sulfuric acid aerosol particles would act as nuclei, 
so that sulfuric acid could be condensed in a flask immersed in ice.
The acidity was measured by direct titration. One of the drawbacks of 
this approach was the small sample (1 m3) collected over a long period 
of time (24 hours). Goodeve18 recommended filtering air samples with 
asbestos-packed Gooch crucibles, but that method was too slow and the 
filtration efficiency varied. Mader, et al.,19 used Whatman No. 4 fil­
ters, that had been washed in copious anoints of distilled water and then dried, to sample 
the Los Angples atmosphere. After a sample was collected, the filters were place in a
10
flask and macerated, the pH was measured. Mader found sulfuric acid 
aerosol concentrations to be 0,036 ppm or 36 p-g/m3 . This number is 
high, and probably Is the result of sulfur dioxide adsorbing on the 
filter surface and then oxidizing to sulfuric acid. Mader mentioned 
this as a drawback, especially in humid air samples.
Commlns10 proposed a method for measuring sulfuric acid 
aerosol by titration to pH 7 with acid after a known excess of sodium 
tetraborate was added. Coramins1 method took into account interferences 
such as sulfur dioxide and basic gases, but it could not differentiate 
between sulfuric acid and other acid components.
Acid indicators have been used in a variety of ways for quali­
tative measurements of acidity in air samples. Waller20 collected 
London air by impaction on glass slides coated with gelatin containing 
thymol blue. When viewed under a microscope, strongly acidic droplets 
were seen as pink spots. Derre and Pfeifer31 used a similar approach 
except the plates were coated with nitrocellulose and 5>5/"inet:hylene- 
disalicylic acid. After exposure to the atmosphere, the plates were 
heated producing red spots where the acid droplets landed, Horstman 
and Wagman22 collected sulfuric acid aerosol on a slide coated with 
iron deposited by vacuum distillation. The particle size was estimated 
by viewing the size of the reaction site on the iron film, Honma and 
Sakito23 used a photo-electric colorimeter to quantitatively measure 
the sulfuric acid aerosol collected on the metal film.
In summary, most of these methods make the assumption that 
all acidity is due to sulfuric acid in the atmosphere. Those methods 
that attempt to measure sulfuric acid specifically, require complicated 
or tedious procedures.
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B. Measurement of Sulfuric Acid Aerosol as Sulfate
In this section a review of sulfate methods will be presented. 
Some researchers who applied these methods to an air sample made the 
assumption that all sulfate present was due to sulfuric acid. Andronov, 
et al.,24 simply washed a filter with aqueous-acetone or ethanol mix­
tures and measured the "sulfuric acid" as sulfate with barium rhodizo- 
nate. Obviously the sulfate measured did not correspond to sulfuric 
acid, but was a measure of the total sulfate content of the air sample. 
Capkeviciene25 collected an air sample in distilled water. The sulfate 
was precipitated by addition of benzidine. The benzidine sulfate 
was isolated and coupled with thymol to produce a red product. The 
intensity of the coloration was proportional to the amount of benzidine 
sulfate isolated. Bavika, et al.f6 measured sulfur id acid by impingement in 
distilled water followed by the addition of ammonium vanadate, which 
produced a yellow solution.
Ellis27 passed an air sample through a bubbler containing 
hydrogen peroxide. Any sulfur dioxide present in the air sample would 
be collected and oxidized to sulfate, while any particulate acid (jL.ti. , 
sulfuric acid) would be scrubbed from the air flow. The same air was 
analyzed for its sulfur dioxide content by a redox reaction with iodine. 
The sulfate content of the hydrogen peroxide trap was determined, and 
the amount of sulfate due to the oxidation of sulfur dioxide was sub­
tracted. The value left was considered by Ellis to be the sulfuric 
acid content of the air sampled, Ellis overlooked (or did not know in 
1951) that soluble sulfates were present in an air sample. Even sul­
fates like calcium sulfate are soluble at the microgram level. Thus,
12
without a prior separation step to remove the sulfuric acid from the 
gross air sample, the measurement of the sulfate content will only pro- 
vide data on the total sulfate content of the sample.
♦For a further summary of sulfate methods see references 28 through 32.
PART IX
MEASUREMENT OF SULFURIC ACID AEROSOL
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CHAPTER III. SEPARATION OF SULFURIC ACID AEROSOL 
FROM THE GROSS FILTER SAMPLE
A. Previous Attempts at the Separation of Sulfuric Acid Aerosol From 
The Gross Filter Sample
As was shown in the previous Chapter, values found for the 
acidity or sulfate content of an air sample are not a true measure of 
the concentration of sulfuric acid. Simply measuring the acidity or 
sulfate content of a collected air sample will only give values for the 
net acidity (since other acidic or alkaline materials are present) or 
total sulfate (since other sulfate species are present). The preferred 
mode of analysis would be to analyze for sulfate, since the sulfate 
will always be there, while protons tend to find a base and react be­
fore they have been determined. But before one could analyze for 
sulfuric acid as sulfate, a separation step must be applied to remove 
the sulfuric acid from the gross air sample. The lack of an adequate 
pre-analysis separation step has prevented the measurement of sulfuric 
acid aerosol as sulfate.
Several investigators have attempted to separate sulfuric 
acid aerosol from the gross air sample either by extraction or by selec­
tive distillation. Barton and McAdie33’34 have published papers 
dealing with glass fiber filter pretreatment, as well as on the selec­
tive extraction of sulfuric acid from Nucleopore polycarbonate membrane 
filters. Their method, using 1-propanol, looked extremely promising, 
but recently35 1-propanol has been shown to extract ammonium sulfate 
and possibly other sulfates. Experiments described in this Dissertation 
have confirmed that 1-propanol will not selectively extract sulfuric
U
acid. Also, Barton and McAdie's method of pretreatlng glass fiber 
filters was found to be inadequate. The evidence for this will be dis­
cussed in the following section.
Recently Leahy, et al,36 have proposed benzaldehyde as a 
selective solvent for sulfuric acid. Separations based on the use of 
this solvent appear to be free of interferences, and open the door to 
the use of any common sulfate method, once the sulfuric acid is removed 
from the gross sample. The separation procedure, however, was tested 
using samples well above normal environmental levels.
Since sulfuric acid is volatile compared to most compounds 
present in a filtered air sample, Dubois, et al.,37 sought to iso- 
thermally distill or micro-diffuse the sulfuric acid from the surface 
of the filter. Their method consisted of taking a b'J mm diameter disc 
from an 8 x 10-inch glass fiber filter. This filter disc was covered 
by a petri dish whose inside top had been coated with 
sodium hydroxide. The whole apparatus was placed in a nitrogen-purged 
oven and heated overnight at 195°• The sulfuric acid diffused from the 
glass fiber to the sodium hydroxide, and was trapped. The following 
morning the tops were washed with a small amount of water, and the 
sulfuric acid was determined as sulfate by any one of a number of met­
hods. Since this approach showed promise, we initiated a tracer study 
to investigate whether some sulfuric acid could have been lost in the 
sampling procedure, and whether or not an absolute amount of sulfuric 
acid was separated from the filter.
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B. Microduffus Ion of Sulfuric Acid Aerosol from Various Filter Media
1. Experimental
a. Reagents
Absorbing Solution - Two grams of reagent grade sodium hydro­
xide were dissolved in 5 ml of water and made up to 100 ml with absolute 
ethanol. This solution was made fresh dally.
Sodium Hydroxide - Reagent grade, low in carbonate from Fisher 
Scientific Company.
Ammonium Sulfate - Reagent grade from Fisher Scientific Com­
pany.
Ethanol - Absolute ethanol from U. S. Industrial Chemicals
Company.
Hg35S04 -f HgS04 Solutions - Portions of a 1 ml carrier-free 
Hg35S04 solution containing 5 mc/ml from New England Nuclear were added 
to 0.01 pg/pl, 0.1 (ig/p.1 and 1.0 jjtg/(jtl sulfuric acid solutions to give 
an appropriate activity (~ 1<0,000 to 70>000 cpm). The sulfuric acid 
was reagent grade from Mallenkrodt Chemical Works.
p— Dioxane - Reagent grade from Matheson, Coleman and Bell.
Naphthalene - Recrystallized from ethanol, reagent grade 
naphthalene was obtained from Matheson, Coleman and Bell.
2,2 /-p-Phenylenebis-f 5-phenyloxazole) - the P0P0P was scin­
tillation grade from Matheson, Coleman and Bell.
2.‘j-Dlphenyloxazole - the PP0 was scintillation grade from 
Matheson, Coleman and Bell;
Scintillation Cocktail - 300 g of naphthalene, 15 g of PP0 
and 0.15 g P0P0P were placed in 3 liters of p-dioxane. To 17 ml of
17
this solution, 3 ml of water rinses were added, bringing the total 
volume in the scintillation vial to 20 ml.
b . Apparatus
Oven - Sargent Analytical Oven (low gradient) equipped with 
a nitrogen purge.
Pyrex Petri Dishes - Petri dish bottoms (Corning No. 3I60) 
approximately 49 rom ID x 14 mm were used. The bottoms were used as 
purchased but with the edges ground to give a smooth seal with the 
glass plates.
Glass Vials - Vials of I5 mm, 19 mm, and 25 mm OD were cut 
5 n™ from the bottom to provide dishes of various IT . 'a . Also, sev­
eral more dishes were made from pyrex tubing of 8 and 11 mm diameter.
Scintillation Vials - Disposable 20 ml capacity scintillation 
vials of Kimble No. 7^500 or equivalent were used.
Plate Glass - Single strength window pane glass was cut into 
63 mm squares.
Pipets - Radioactive solutions were pipetted with an Eppen- 
dorf 10 or 50 p-l capacity pipet.
Liquid Scintillation Counters - All counting was done on 
either a Beckman Liquid Scintillation System II or Beckman LS-25O 
Liquid Scintillator.
Thermogravlmetric Analyzer - Dupont 950 TGA.
Filters - The following filters were tested for their micro- 
diffusion qualities:
Mitex (Teflon) from the Mllllpore Corporation (5.0 p.)
Solvinert from the Mllllpore Corporation (0.5 p.)
Nucleopore from General Electric (1.0 p,)
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Graphite filter from Spectrogram Corporation; North 
Haven, Connecticut 
Whatman 41
Gelman A glaaa fiber filter from Gelman Instrument Com­
pany.
c. Procedure
In order to approximate a sulfuric acid aerosol, 10 to 50 p,l 
of the appropriate H2S3504 solution were placed on the glass plate or 
the filter media and dried for I5 min. at 80°. No H2S3^04 was lost, 
although the water was removed.
The apparatus used (Figure 1) differed slightly from that of 
Dubois.37 Instead of using both a top and bottom petri dish, only 
one dish was used (as the top) and a treated glass plate served as 
a bottom. This configuration approximated that of Dubois while allow­
ing the entire inside of the petri dish to be coated.
The preheated (60°) petri dish was coated with O.I5 ml of the 
sodium hydroxide solution just before it was used. This minimized 
absorption of carbon dioxide from the air. After the tops were placed 
over the glass plates or filter media, the entire apparatus was placed 
in an oven at an appropriate temperature and time. The oven was con­
stantly purged with nitrogen and a vent line was run into a bottle of 
1 M sodium hydroxide to prevent any contamination of the laboratory 
from volatilized H2S3504.
Labeled standards were placed on the glass plates or on the 
filter media and treated the same as the samples except they were not 
microdiffused. All data on the percentage recovery on sodium hydroxide 
as well as mass balance data were based on a comparison to these non- 
mlcrodiffused standards.
rFIGURE 1 
MICRODIFFUSION APPARATUS
19
77 
7 
77
DIFFUSION APPARATUS
PETR / DISH
■A BSORBER
GLASS PLATE
FILTER
21
The samples were removed from the oven, and still covered, 
allowed to cool to room temperature. The petri dish and glass plate 
were then rinsed with 3 milliliters of water and the washings placed 
In a scintillation vial. Filter media were placed directly Into the 
scintillation vial and the 3 milliliters of water were added. The 
petri dishes and the glass plates were then air-dried, broken, and placed 
into separate scintillation vials to determine mass balance data. The 
smaller dishes were simply dropped into the vial and 3 ml of water 
added. The scintillation vials were then filled with 17 ml of the 
scintillation cocktail and counted for 10 min. or to 0 .5$ error, 
whichever came first.
Although the general procedure remained the same, the indivi­
dual experiments varied in regard to temperature, time and filter media. 
Specific changes such as filter media size and petri dish diameter will 
be noted in the discussion.
2. Results and Discussion
a. Microdiffusion from Glass Plates
Before testing filter media for diffusion properties, a study 
of the microdiffusion apparatus was undertaken. A 63 nan piece of 
single strength window glass was used as the bottom and a ky mm ID x 
li+ mm Pyrex petri dish as the top (Figure 1). The chemical composition 
of the window glass approximated that of the glass fiber in the filters. 
Thus, apparatus design and diffusion conditions could be projected. The 
relative utility of polished and unpolished petri dish rims was studied.
Table 1 summarizes the initial experiments. Quite unexpectedly, 
only i+0$ of the sulfuric acid was found to diffuse from the untreated
22
TABLE I
DIFFUSION AT 195° FROM GLASS PLATE 
USING POLISHED PETRI DISHES - EFFECT OF TIME
— — Recovered on Petri Dish-----
Time (hr.)
1 2  4 6 Avg.
Avg.
Mass
Balance Treatment of Plate
58.0 43.0 39.0 43.9 41.0 96.6
- - 71.8 71.1 71.5 87.5
47.6 48.0 50.2 54.3 50.0 97.8
None
Cone. H2S04 Baked 
at 195° C
Boiled in 1:1 H ^ O ^  
H^O Rinse
glass. Even after placing several drops of concentrated sulfuric acid 
on the plate, heating in an oven at 195° to evaporate the sulfuric acid 
and then placing spiked sulfuric acid on the treated area, only 71$ 
diffused and the total amount recovered dropped to 87$. As an alternate 
choice, the glass plates were boiled in 1:1 sulfuric acid and rinsed 
in water. This was chosen as the preferred treatment for all of the 
glass plates. Figure 2 gives a summary of results of diffusion at 
temperatures of 100°, 125°, 150°, 175° and 195° using polished petri 
dishes, and averaging the results of the 1, 2 , 1* and 6 hour runs for 
each temperature.
As can be seen, the best percentage of separation occurred 
at 125°. One possible reason for the decrease in diffusion as the temp­
erature was increased from 125° to 195° could be the result of a trade­
off between vaporization vs. chemical reactivity. Referring to Table X, 
time had little effect on the amount diffused. The average range of 
separation for all temperatures between 1 and 6 hours was 6$. Since 
vaporization (at or above 125°) is immediate, the added temperature ap­
parently served only to increase the rate of attack of sulfuric acid 
toward the glass plate.
Figure 3 compares the 2-hour data at various temperatures for
i
unpolished and polished petri dishes. The data for the polished petri 
dishes did not include data from the 1, k or 6-hour runs as Figure 2 
does. Consequently, neglecting the points at I5O0 for unpolished 
petri dishes and at 125° for polished petri dishes, the results are 
linear indicating that the unpolished are better than the polished 
petri dishes. The mass balance, however, for the unpolished petri 
dishes is 5 to 10$ less than the polished petri dishes. In subsequent 
studies, only petri dishes with unpolished rims were used.
IFIGURE 2
MICRODIFFUSION OF SULFURIC ACID FROM 
GLASS PLATES VS. TEMPERATURE
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b. Microdiffusion from Glass Fiber Filters
After the design of the separation apparatus was optimized 
and some of the operating parameters were established, a study of glass 
fiber filters was initiated. Several surprising problems were disclosed.
Experiments were made using 16 mm circular discs cut from an 
untreated 8 x 10-inch sheet of Gelman A glass fiber filter. A 49 mm 
ID x 14 mm petri dish and a glass plate were used as described in the 
Experimental Section. Ten microliters of spiked 1 p.g/p.1 sulfuric acid 
were placed on the center of a disc and dried. The first separations 
were attempted using a purged oven at 125° for 6 hours. No diffusion 
occurred. Consequently, the filter was washed in various acids and the 
experiment was repeated. In all cases the results were negative.
Because 125° was 70° below the temperature at which Dubois, 
et al.,37 did their work, the experiments were repeated at 195°. Again
no diffusion was observed {Table II).
Barton and McAdie34 have published a method based on the pre­
treatment of the glass fiber with sulfuric acid, water, 80$ isopropanol, 
and finally acetone. When their system was used, a small amount of dif­
fusion was noted, but the results were insufficient to warrant further 
study (Table II).
It was possible that the affinity of the glass fiber for sul­
furic acid was such that the sulfuric acid did not diffuse. On the other 
hand, it was possible that a neutralization was occurring on the surface 
of the glass fibers. To test the latter hypothesis, 50 p,l of a spiked 
1 ng/nl sulfuric acid solution were placed on three 16 mm discs of Gelman 
A glass fiber that had been treated by the Barton and McAdie method.
The three discs were extracted with 3 ml of warm distilled
water. One milliliter of the extract was centrifuged to remove the
29
TABLE II
RESULTS OF DIFFUSION FROM A 16 mm DISC OF 
GEIWAN A GLASS FIBER AT I950 AFTER VARIOUS WASHES
Activity
Treatment Time on NaOH
Untreated 6 hr. 0,034#
Boiled in H20, blotted and dried at 80° C 6 hr. O.O5I#
Boiled in 1:1 CH^O, blotted and dried at 
80° C 6 hr. 0.30# 
Boiled in 1:1 HCl 6 hr. O.32#
Boiled in 1:1 % P 0 4, rinsed in 1# H3P04 and 
dried at 80° C 6 hr. 1. C
Soaked in 20# H2S04 for 3 days; boiled for
10 min.; rinsed in H^O, 80# isopropanol, 6 hr. 3-5#
and acetone; then air dried.
Soaked in 20# H2S04 for 3 days ; boiled for
10 min.; rinsed in H^O, 80# isopropanol, 12 hr. 4.0#
and acetone; then air dried.
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solids. Fifty microliters of this centrifuged extract were then dif­
fused from a treated glass plate using an unpolished 49 mm x 14 mm petri 
dish for 6 hours at 125°. As previously shown (Figure 2), approxi­
mately 65$ of the sample should have diffused; however, no diffusion 
occurred.
The lack of diffusion could be attributed to the neutraliza­
tion of the sulfuric acid by the glass fiber filter. In order to 
measure the glass fiber filter's capacity to neutralize the sulfuric 
acid, 50 aliquots of an unspiked 1 ng/p,l of sulfuric acid were placed 
on the untreated 16 mm glass fiber filter disc and dried. Ten micro­
liters of the spiked 1 p-g/|xl sulfuric acid solution were then placed on 
the disc, dried and diffused.
Even 200 jig of sulfuric acid did not neutralize the available 
alkaline sites. A possible explanation for these results is the pene­
tration ability of the sulfuric acid solution to the alkaline sites.
It must be remembered that neutralization products (sodium 
chloride, sodium sulfate, sodium phosphate or sodium acetate), depend­
ing on what acid is used to pre-treat the filter, are soluble in water.
A solution of sulfuric acid could dissolve and expose new alkaline 
sites underneath the neutralized layer. Furthermore, solutions tend to 
spread over the glass fibers in a thin film. Consequently, more of the 
sulfuric acid solution is exposed to the alkaline sites. On the other 
hand, the lack of wetting power of concentrated acids prevents the 
natural sulfuric acid aerosol from penetrating to the alkaline sites 
under the neutralized layer. Rather they tend to coalesce into droplets 
leaving only the bottom, edges exposed to the filter surface.
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It is possible, therefore, that the first few hours of a high 
volume sampling serves to neutralize most of the alkaline sites. Sul­
furic acid aerosol acid then can sit on a neutralized layer and for the 
above reasons not penetrate to new alkaline sites. Dubois, et al.,3B 
have also used this reasoning to explain why the concentration of sul­
fates in air depends on the sampling volume.
Before turning to other types of filters, investigations 
were made regarding the volatility of ammonium sulfate and the use of 
isopropanol as a selective solvent for sulfuric acid.
Dubois, <it al.,37 mentioned that ammonium sulfate could be 
used as a standard for diffusion at 195°• Consequently, this species 
would be an interference if it were present in an air sample. A thermal 
gravimetric analysis was made of a finely ground reagent grade ammonium 
sulfate In nitrogen atmosphere. Decomposition started at 250° and a 
second slope occurred after 31*0°* Erdey, et al. ,39 reported similar 
results and also included a differential thermal analysis. They repor­
ted the following reactions at the indicated temperature ranges:
(n h4)^ o 4 25Q~35°— >  n h4hso4 + nh3
NH4HS04 NH3 + H2S04
Using a scan rate of 5°/min. no loss of sample was observed 
until 25O0. An isothermal TGA run at 175° and 205° showed a 1.8$ and 
8.2$ weight loss for a 3“h°ur period. Assuming this weight loss to be 
linear, a loss of 9 *6$ and ^3.7$ at 175° and 205°, respectively, for 
overnight (16 hours) heating would be expected, proper choice of time 
and temperature can minimize the effect of ammonium sulfate as an inter- 
ferant.
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Finally, 10 |il of a spiked I pg/p,l solution of sulfuric acid 
were placed on two 16 mm discs of glass fiber and dried at 80° for 5 
min. The discs were placed in separate scintillation vials, and 3 mis 
of Isopropanol added. After shaking the vials for several minuteB, the 
isopropanol was poured off into another vial. The extract, filters and 
standards were counted and it was found that 50$ of the activity was in 
the extract. From our previous results we believed the 10 pg of sul­
furic acid to be completely neutralized and consequently, the Isopropanol 
in this crude extraction removed 50$ of the sulfuric acid as a salt. It 
appears that at this concentration, isopropanol is not a selective sol­
vent for sulfuric acid.
c. Microdiffusion from Other Filter Media
Several other filter papers and membranes were tested. In­
cluded in the group were: Nucleopore, Whatman hi, Solvlnert, Spectrogram
Corporation h7-XA3 Poco Graphite filter (experimental) and Mltex (Teflon). 
The glass apparatus shown in Figure 1 was also used in these experiments.
Nucleopore was tested at 100° for 6 hours with no diffusion 
observed. Both Whatman hi and Solvinert were run at 125° for 6 hours. 
Whatman hi exhibited no diffusion while the Solvinert had 13*5$ diffu­
sion. In both cases, 10 p.g samples of spiked sulfuric acid were used. 
Whatman hi and Nucleopore both had a h9 mm ID petri dish as the absorb­
ing dish while a 13 mm ID x 5 mm dish was used for the Solvinert study.
The Poco graphite filter was tried next. The filters were 
h7 nun in diameter, brittle yet slightly flexible. Using a stainless 
steel cork borer mounted on a drill press, 8 mm diameter discs were cut 
from the h7 mm disc. Using the standard h9 mm ID petri dish and glass
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plate, 10 p.1 of the 1 spiked sulfuric acid solution were placed
on the filter disc. The water was driven off at 80° for 10 min. and 
then diffused at 195° £°* 6 hours. The results were encouraging as 
only 1.6# was left on the filter and 60# microdiffused to the sodium 
hydroxide. Another temperature was tried (l50°/6 hrs.) but the amount 
of sulfuric acid left on the filter increased to 9*2# while the micro­
diffused portion was 57#• A time plot of 1, 2, h and 6 hours at 195° 
was run and it was found that 3 hours was sufficient to reduce the
amount left on the filter to 3#.
«
In doing a mass balance on the above systems, it was found 
that 30# of the activity was left on the glass plate. Since the filter 
only covered a small part of the glass plate under the petri dish, the 
49 nim ID petri dish was replaced with a 13 mm and 9 111111 ID dish, both 
approximately 10 mm high. The experiment (195°/3 hrs.) was repeated 
with the 8 mm graphite filter. The results (Table III) showed that the 
amount of sulfuric acid found on the glass plate was directly related 
to the area of the exposed glass plate beneath the petri dish. In
order to minimize the loss of sulfuric acid to the glass plate, the ID
of the petri dish should nearly match the diameter of the filter disc 
used.
At first these results seemed surprising, but they can be 
understood in terms of a diffusion controlled reaction. The sulfuric 
acid vaporizes uniformly throughout the diffusion system. The filter 
is inert and only minimal amounts remain there while the soft glass 
plate and the sodium hydroxide offer excellent neutralization sites. 
Consequently, after subtracting the area covered by the filter, the 
sulfuric acid uniformly spreads itself about the Inside area. As will
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TABLE III
AMOUNT OF SULFURIC ACID FOUND ON GLASS PLATE 
FOR DIFFERENT SIZE PETRI DISHES AND 8 mm FILTER
ID of Exposed Glass Plate as $ Sulfuric Acid
Petri Dish $ of Total Inside Area on Glass Plate
49 mm
15 mm 
9 mm
31.0
11.4
3.1
31.1
12.9
5-1
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be seen in Chapter V, it will be necessary to trap the sulfuric acid 
on the absorber, so in this and all future work the entire Inside of 
the. petri dish was coated with an absorber.
The Mitex Teflon filters were tested next. In this case a 
15 ram ID x 5 mm dish was used. The k j  ram diameter disc was cut into 
quarters and 10 |xl of a spiked 1 |i,g/p,l solution of sulfuric acid was 
placed on the filter. The sodium hydroxide coated dish was centered 
over the dried solution and then diffused.
The first temperature tried was 125° and heating was carried 
out for 3 and 6 hours with 79$ ant* 85$ °f the sulfuric acid applied 
respectively, diffused to the sodium hydroxide with approximately 9$ 
left on the filter. Under the same arrangement the filters were heated 
at 195° for 3 hours. In this case, 82$ microdiffused while 6$ remained 
on the filter. Both temperatures seemed to work equally well so it was 
decided to run a calibration curve from 0.1 to 50 p,g sulfuric acid for 
the Mitex filter at 125° for 6 hours and at 195° f°r 3 hours. Concur­
rently, a similar calibration curve was run for the Poco graphite 
filter at 195° for 3 hours. The results of these studies are shown in 
Figures ^ and 5.
The graphs show a distinct cut-off for the lower limit of 
diffusion. For the system of 13 mm ID dishes, the value was 10 p,g. At 
first, it was believed that a neutralization was again affecting the 
system. It is, however, unlikely that two unrelated filter materials 
would show the same neutralization characteristics. Neutralization is 
also unlikely as increasing the temperature from 125° to 195° increased 
the amount of sulfuric acid microdiffused at 5 from 3 to 19$ for the 
Mitex filter (Figure 5). Later experiments presented in Chapter V will 
clarify the situation further.
FIGURE
MICRODIFFUSION FROM POCO GRAPHITE FILTERS
for 3 hours at 1950
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FIGURE 5
MICRODIFFUSION FROM MITEX TEFLON FILTERS 
FOR 5 HOURS AT 195° (A) AND FOR 6 HOURS AT 125° (0)
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3. Conclusions
From these investigations the following observations can be
made:
1. Since the sulfuric acid diffuses throughout the entire inside of
the apparatus, the microdiffusion apparatus should be modified to
a system in which the absorbing substance covers the entire inside 
surface except that area covered by the filters.
2. The inner diameter of the cover dish should exactly (within 1 mm)
match the diameter of the filter media.
3. Glass fiber filters should not be used as a sulfuric acid sampling 
medium.
4. Suitable filters for collecting sulfuric acid aerosol can be made 
of pure Teflon or graphite.
3. Isopropanol should not be considered to be a selective solvent for 
sulfuric acid.
The application of these results awaited only a proper analy­
tical finish. The development of this new approach to sulfate analysis
will be discussed in the following chapter.
CHAPTER IV. REDUCTION OF SULFATE TO SULFUR DIOXIDE 
VIA THERMAL DEGRADATION OF PERIMIDYLAMMONIUM SULFATE
A. Previous Attempts at Sulfate Reduction
Once a separation procedure had been worked out, the next 
step in the determination of sulfuric acid aerosol was the development 
of a suitable analytical finish for sulfate. Since both the West-Gaeke40 
and the flame photometric41 approach offered specific and sensitive 
methods for measuring sulfur dioxide, the catalytic reduction of sul­
fate to sulfur dioxide appeared to be an attractive approach. A search 
of the literature showed that several investigators had attempted to 
reduce sulfates or oxidize sulfur to sulfur dioxide.
Heslinga, in I9254a determined sulfur by burning samples in 
a quartz tube and completing the combustion by passing the gases over 
hot quartz chips. The sulfur gases were absorbed in a hydrogen peroxide 
solution, and the sulfur titrated as sulfuric acid. Other investigators 
refined the apparatus of Heslinga.43-45
Kristen46 volatilized residual sulfur from the ash of certain 
biological materials by heating the sample in a combustion tube with 
vanadium pentoxide, Hagerman and Faust47 used vanadium pentoxide fusion 
to measure sulfur in refractory materials, while Larsen, et al.,40 em­
ployed the same approach to analyze uranium trioxide, sodium zirconium 
fluoride and hydrofluoric acid. The interesting part of Larsen's work 
was the reduction of the initially produced sulfur trioxide over copper 
at 950°. The sulfur dioxide produced was trapped in tetrachloro- 
mercurate(ll) and measured by the West-Gaeke procedure.
k2
The measurement of sulfuric acid aerosol was attempted by 
Scaringelli and Rehme.49 Sulfuric acid (vaporized from glass fiber 
filters) or sulfur trioxlde (produced when copper impactors were heated) 
was reduced over copper at 5^0°• Aside from its drawbacks in measuring 
sulfuric acid aerosol (see Chapter v), the method required complicated 
equipment and extremely tedious procedures. Except for sulfuric acid, 
ammonium sulfate, ammonium hydrogen sulfate and copper sulfate,49 the 
remaining sulfates decomposed above 1|00°.
For a flexible sulfate determination, a system was sought 
which would not require drastic heating for reduction. A search was 
initiated for an organic amine which would both precipitate sulfate and 
upon heating, promote the reduction of sulfate to sulfur dioxide. In 
early 1970, Stephen31 proposed a new nephelometric sulfate determination 
based on the precipitation of sulfate by perimidylammonlum chloride 
(PDA-Cl). Hie solubility of the precipitated perimidylammonlum sulfate 
[(FDA)2S04] is somewhat less than that of barium sulfate. This low 
solubility made (PDAj^C^ the most insoluble organic amine sulfate 
known. McClure50 synthesized Stephen's reagent via cyanogen bromide and 
1,8-diaminonaphthalene, producing the bromide salt which was used in all 
of our studies.
1. Experimental
a. Reagents
Perimidylammonium Bromide, 0.5$ - Fifty milligrams of PDA-Br 
synthesized according to McClureso and recrystallized twice from methanol 
was added to 10 ml of distilled water. This solution was made fresh 
daily.
Potassium Sulfate Stock Solution - 1.81 grams of freshly dried 
reagent grade potassium sulfate were added to 1 liter of distilled water 
to give a solution 1 p.g/p.1 as sulfate. Solutions containing 0.1 yig/p.1 
of sulfate were made up by dilution of the stock solution.
Sodium Tetrachloromercurate(ll), 0.1 H - Reagent grade mer- 
cury(ll) chloride (27.2 g) and reagent grade sodium chloride (11.2 g) 
were dissolved and diluted with distilled water.
Formaldehyde Solution, 0.2$ - 0.5 ml of 40$ formaldehyde solu­
tion was added to 100 ml of distilled water. This solution was made 
fresh daily.
Pararosaniline Hydrochloride - 0.64 g of reagent grade pararosani- 
line hydrochloride was added to 240 ml of concentrated HCl, and diluted to 1 
liter with distilled water. Twenty-five ml of this solution were diluted to 
100 ml with distilled water to provide the working solution.
Nitrogen - Pre-purifled.
Oxygen - Pre-purifled.
b. Apparatus
Spectrophotometer - Beckman DB.
Sulfur Dioxide Permeation Tubes - Six mm ID x 120 mm Teflon 
tubes containing liquid sulfur dioxide and stoppered at both ends with 
Teflon plug3 were placed in a controlled temperature cell. At constant 
temperature the rate of permeation of sulfur dioxide through the Teflon 
tube was also constant. The permeation rate was determined by repeated 
weighing of the tubes over an extended time period. In this case the 
permeation rate of sulfur dioxide was found to be 10.07 p.g/min.
Pyrolysis Oven - A Sargent microcombustion furnace (S-2I58O) 
was modified to accept a 25 to 33 111111 0® quartz tube. The original 
heating coils were retained, but a No. 50122-Type I708-KSP Lindburg 
cylindrical heating block was added to the top hinge of the oven. The 
Lindburg was controlled by a separate Variac.
Combustion Train - At one end of a 25 mm 0D x 65 inm quartz 
tube a 33 mm OD 3V U 5 female ground glass joint was attached. The 
other end of this 25 mm OD quartz tube was fitted with an 11 mm OD x 
60 mm 18/9 Vycor male ball joint. A bubbler was connected to the quartz 
tube via 6 mm ID Teflon tubing, glass tubing and a Pyrex 18/9 female 
ball joint (see Figures 6 and 7)-
Injector System - A 3^A5 Pyrex male ground glass joint was 
fitted on its center line with a 12 mm OD x 30 mni Pyrex tube. This tube 
was blown with an inside depression half-way down its length enabling 
it to accept a Viton high temperature 0-ring (11 mm OD). A 9.5 mm OD 
Teflon sleeve with a 6.5 van center tap was inserted into the 12 mm OD 
tube. A 6 mm OD x 80 mm quartz rod with a fork designed to hold a 15 mm 
OD dish at one end was inserted through the Teflon sleeve. By means of 
another Viton 0-ring (6 mm ID) and Teflon washer, the system was made
air-tight. Finally, at 90° to the center line of the 34/U5 male joint,
a 10 mm piece of 7 ™  OD Pyrex tubing was added to the side of the
joint to act as an inlet/outlet port (see Figure 6).
Flame Photometric Detector - A Bendix Model 83OO and a Meloy 
SA-102 Total Sulfur Analyzer were used as S0a monitors.
Pipets - Solutions were pipetted with a 10 or $0 pg Eppendorf
pipet.
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Glass Dishes - Soft glass vials, 15 nun OD x 120 mm, were cut 
I5 mm from the bottom to provide dishes for the precipitation of stan­
dard sulfate solutions.
Thermogravimetric Analyzer and Differential Scanning Calori­
meter - Dupont 95O TGA and DSC was used.
Flowmeters - Lab-crest rotameters of appropriate ranges were 
used. These were accurate to + 2$ of full scale,
c. Procedure
Samples of sulfate were placed in I5 mm OD x I5 mm glass 
dishes, and 200 pi of a 0 .5$ PDA-Br water solution were added. A silky 
white precipitate was immediately formed. After precipitation was com­
plete (approximately 10 minutes), the dishes were placed in an oven set 
at 80° to evaporate the excess liquid. With the pyrolysis oven set at 
500°, the nitrogen flowrate at 500 ml/mln., and 10 ml of 0.1 M tetra- 
chloromercurate(II) in the bubbler, the samples were ready to be 
pyrolyzed.
By proper manipulation (see Figure 7) of the 4-way valves and 
a 5-way stopcock, the nitrogen flow was fed through the injector, past 
the hot zone, and into the West-Gaeke trap (pyrolysis mode), or the 
flow was reversed so the nitrogen would pass through the 5-way stopcock, 
back through the oven, and out the injector male joint (backflush mode). 
This flow system allowed the oven to operate continually while a nitro­
gen blanket was maintained in the quartz combustion tube.
A typical pyrolysis cycle would be:
1. Pull the injector rod out of the hot zone.
2. Remove the tetrachloromercurate(II) solution from the
bubbler.
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3. Reverse the nitrogen slow to the backfiush mode.
4. Remove the entire injector system at the 3^-/^5 joint.
3. Place a fresh sample on the injector fork.
6. Replace the injector in the 3^-/^5 joint.
7. Place the nitrogen flow in the pyrolysis mode.
8. Replace the tetrachloromercurate(ll) solution in the bub­
bler.
9. Slide the injector rod into the center of the oven.
10. Heat the sample for 2.3 minutes.
This entire cycle, including replacing the West-Gaeke trap, 
would take approximately 3.5 minutes.
After several pyrolysis runs, the quartz tube immediately 
outside of the oven on the bubbler side of the oven collected a small 
amount of organic debris. The Teflon and glass tubing leading to the 
bubbler were also coated with this material. The sulfur dioxide 
evolved during the pyrolysis was not adsorbed on this material, but as 
a precaution the quartz tube was periodically cleaned. The quartz tube 
was disconnected from the system at the ball joint, and retracted into 
the oven. At the same time oxygen was fed into the quartz tube, and the 
temperature was raised to 700°* While the quartz tube was being heated, 
the rest of the combustion train was rinsed with acetone and allowed to 
air dry. Within 10 minutes, the combustion train was ready for use.
B. Results and Discussion
In order to check the efficiency of the reduction of sulfate 
to sulfur dioxide, a standard curve of net absorbance versus micrograms 
of sulfur dioxide was established for the West-Gaeke procedure. A dry
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air stream was passed through the thermostated cell containing the 
sulfur dioxide permeation tube, and was scrubbed in a bubbler contain­
ing 10 ml of 0.1 M tetrachloromercurate(ll). The contents of the bub­
bler were diluted to 25O ml with 0.1 M tetrachloromercurate(ll) to 
provide a. stock solution containing 2.5 pg sulfur dioxide in each 
milliliter. Using this stock solution, a standard curve was plotted 
from 0 to 20 pg of sulfur dioxide.
Following McClure's50 procedure, a sufficient quantity of 
PDA-Br, though light and moisture sensitive, could be stored up to a 
month before an Increase in the blank values was noted. Solutions of 
PDA-Br were normally made fresh daily, but if kept in an amber bottle, 
they could be used for a week.
A 0 .5^  solution of PDA-Br was made as suggested by Stephen,31 
and was mixed with small amounts of sulfate in a test tube. The pre­
cipitate was collected by centrifugation, and was washed several times 
in methanol to remove the excess PDA-Br and water. After the (PDA)2S04 
was dried in an oven at 80°, a Thermogravimetric Analysis and a Differ­
ential Scanning Calorimeter studies were conducted. Figure 8 shows the 
results of the DSC and TGA. The DSC showed an endothermlc peak at 
450°, while the TGA confirmed that this peak was not just a phase 
change, but a reaction with the formation of a new product. Because 
the new product was volatile, an exact value for the molecular weight 
loss could not be determined. Several TGA's were run, and the results 
Indicated that a molecular weight loss of II5 occurred. From this datum 
it was not possible to determine directly whether sulfur dioxide or 
sulfur trioxide was being formed. However, the West-Gaeke procedure is 
specific for sulfur dioxide, and thus if formed it could be measured.
FIGURE 8
DIFFERENTIAL THERMAL ANALYSIS AND DIFFERENTIAL 
SCANNING CALORIMETER OF (PDA)pS04
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The pyrolysis products were tested for evidence of sulfur 
dioxide formation by pyrolyzing samples of (PDA)2S04 in the quartz 
combustion tube (Figure 6). The effluent gases were bubbled through 
10 ml of 0.1 M tetrachloromercuratefII), and the color was developed 
by addition of formaldehyde and p-rosaniline. The appearance of a 
deep violet-purple color, when (PDA)^04 was pyrolyzed and the absence 
of color when PDA-Br was pyrolyzed, confirmed the reduction of sulfate 
to sulfur dioxide (Figure 9)*
Stephen reported an extensive survey of PDA-Br reactions 
with other anions, and concluded that a 10-fold excess of most common 
anions.would not interfere with the precipitation of (PDA)^04. This, 
however, did not preclude the possibility that various salts of PDA 
exhibit a blank when pyrolyzed. Ten micrograms each of phosphate, 
carbonate and nitrate were placed in separate dishes, and 200 |il of 
0.5$ PDA-Br were added. After the excess water was evaporated, these 
dishes were pyrolyzed in the combustion tube, and the effluent gases 
passed through the tetrachloromercurate(ll) trap. No change was noted 
over the blank value obtained for PDA-Br alone.
During the pyrolysis cycle, organic debris was seen bubbling 
through the tetrachloromercurate(ll) trap. Several other samples of 
(pDA)gS04 were pyrolyzed, and the effluent gases were passed through a 
5 jj.1 Solvinert filter to collect some of the organic debris. Mass 
spectral analysis proved that this slightly yellow material was 2 ,2 '- 
dlperimidylamine.
The next step was to optimize the operational parameters.
The effect of increasing the temperature of the pyrolysis was investi­
gated first. Increasing the temperature above 5OO0 failed to provide
FIGURE 9 
PYROLYSIS SCHEME
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any significant Increase in recovery. In fact, recovery and especially 
the precision, fell with pyrolysis oven temperatures over 600°. As the 
TGA showed, a plateau exists between k50° and 600° after which a second 
slow decomposition ensues. Higher temperatures would favor reaction via 
the second step of decomposition which does not produce sulfur dioxide. 
Since the sample in the glass dish requires a finite time to reach the 
operating temperature of the oven, the completeness of conversion from 
sulfate to sulfur dioxide will depend on the time the sample stays below 
600° when the pyrolysis oven is set above 600°. For these reasons, a 
pyrolysis temperature of 500° was selected to provide the quickest heat- 
up while avoiding any secondary thermal reactions.
The pyrolysis time and nitrogen flow rate were set by consi­
dering the reaction rate and dead volume in the oven. The minimum reac­
tion time was estimated by the cessation of fumes coming from the bubbler. 
This estimate was later verified by using a Total Sulfur Analyzer (TSA) 
connected to a recorder. Figure 10 shows the flow diagram using either 
a Meloy SA-120 or a Bendlx 83OO Total Sulfur Analyzer. Both instruments 
were designed to operate on an atmospheric sample, so an artificial air 
mixture was produced by adding oxygen to the nitrogen stream at the 3- 
way stopcock. These Instruments confirmed that the sulfur dioxide was 
evolved in a sharp peak after J>0-k5 seconds of heating at 500°, and 
lasted for 30 seconds after the reaction started. Since the oven 
chamber and combustion train contained approximately I50 ml of dead 
volume, a flow rate of 5OO ml/min. was chosen to provide an adequate 
purge during the 2,5 minute pyrolysis cycle used.
Once these experimental conditions were established, a cali­
bration curve was made using the West-Gaeke procedure to measure the
FIGURE 10
TOTAL SULFUR ANALYZER FLOW SYSTEM DIAGRAM
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sulfur dioxide. Figure 11 shows the results of pyrolysis of 1 to 30 Pg 
of sulfate following the cycle in the Procedure Section. In order to 
maintain linearity, the procedure for samples containing more than 
20 pg of sulfate was modified by adding an additional 10 ml of tetra- 
chloromercurate(II) after the pyrolysis product was trapped. The 
formaldehyde and p-rosaniline additions were also doubled. This pro­
cedure produced a linear and broad range curve. Pyrolysis of 50 jxg of 
sulfate was attempted with no loss in linearity. Table IV shows the 
results of precision and sensitivity studies. Defining the sensitivity 
as 2.5 times the standard deviation of the blank, the sensitivity, using 
the West-Gaeke procedure, would be 0.1 pg of sulfate. The most signi­
ficant fact of the (PDA)2S04 pyrolysis is the efficiency of conversion 
of sulfate to sulfur dioxide. Using the standard sulfur dioxide curve 
for the West-Gaeke procedure, the sulfur dioxide trapped during the 
pyrolysis was compared with expected sulfur dioxide output from a 
specific amount of sulfate as (PDA)2S0 4. In all cases from 1 to 50 Pg 
the sulfate, as (PDA)2S0 4, was converted to sulfur dioxide with 100$ 
efficiency.
Both the Bendix and the Meloy Total Sulfur Analyzers were 
used in an attempt to provide real time analysis and increase the sen­
sitivity. The Meloy SA-120 was more flexible than the Bendix 83OO, 
since the range of the detector could be chosen by selecting the proper 
amplifier range on the front of the instrument. Both were equipped 
with exponential amplifiers, so the output of the instruments was 
linear over the entire range of 0.01 to 1 pg of sulfur dioxide. Figure 
10 shows the flow system for pyrolysis when a Total Sulfur Analyzer was 
used as the detector. Surprisingly, the precision varied from +6 to
FIGURE 11 
PYROLYSIS CALIBRATION CURVE
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TABLE IV 
PRECISION OF THE METHOD
Blank Absorbance Values 10 (xg Net Absorbance Values
0.033 0.299
0 .03k 0.272
0.036 0.305
0.035 0.269
0 ,03k 0.260
0.033 0.292
0.038 0.272
0.033 0.269
0 .03k 0.260
0.036 0.279
0.033 0.266
0.03k Avg. = 0.276
0.002 a = .015
Coefficient of Variance = 5-9# Coefficient of Variance = + 5-3$
+ 10$ at 0.5 of sulfate. Two factors, the organic debris and the 
flow system, were responsible for the poor precision. The organic de­
bris tended to clog the Teflon filter and vary the flow into the 
hydrogen flame. The nitrogen and oxygen rotameters were not able to 
maintain the flow rate any better than + 5$. As a result of these 
fluctuations, the precision of the Total Sulfur Analyzers was lower 
than that of the West-Gaeke procedure. To take advantage of the flexi­
bility of these instruments, a higher degree of sophistication in the 
flow system would be required.
The appeal of this method lies in simplicity and flexibility. 
Although the chemistry involved is somewhat sophisticated, the equip­
ment is not. A Varlac and two.Lindberg heating cylinders would work 
quite well as a simple constant temperature oven. By using the West- 
Gaeke procedure to determine the sulfur dioxide evolved in the pyrolysis, 
the only instrument required was a typical laboratory spectrophotometer. 
Finally, as we will see in the next Chapter, the use of the thermal de­
gradation of (pDA)2S04 greatly simplifies the sulfuric acid determina­
tion problem.
CHAPTER V. THE MEASUREMENT OF SULFURIC ACID AEROSOL AND THE 
TOTAL SULFATE CONTENT OF THE AMBIENT AIR
A. Previous Attempts at Measuring Sulfuric Acid Aerosol
The foregoing chapters have shown the lack of a method for 
measuring sulfuric acid aerosol. Most methods for determining sulfuric 
acid aerosol now available require a great deal of a technician's time 
in extracting33*35 or in titrating16 the acid content of the air sample. 
Several methods have features that, if combined with the right analy­
tical finish or separation step, could become useful.
As we have seen, Dubois, et al,,37 separated sulfuric acid 
aerosol by microdiffusion from giassfiber filters to a petri dish coated 
with sodium hydroxide. After the acid was collected on the sodium 
hydroxide, the petri dishes were rinsed and the 3ulfate titrated.
Though the separation was simple, the analytical finish was tedious and 
required extremely large samples,
Scaringelli and Rehme49 have proposed a unified approach to 
sulfuric acid aerosol determination, but their method has several prob­
lems. Either glass fiber filters or copper impactors were used to 
collect the sample. As pointed out previously, glass fiber filters 
(Chapter III) will partially neutralize sulfuric acid aerosol while the 
collection efficiency of copper impactors is doubtful, especially for 
smaller droplets. Once a sample was collected, sulfuric acid (vaporized 
from glass fiber filters) or sulfuric trioxide (produced when copper 
impactors were heated) was reduced over copper at 5OO0 . The apparatus 
used required pre-conditioning with sulfuric acid, had less than 100$ con­
version efficiency, and had a positive interference from ammonium sulfate.
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The successful development of a method for sulfuric acid 
aerosol determination depends on the proper combination of collection, 
separation, and determination of the acid from a gross air sample.
The problem of the separation was discussed in Chapter III. It was 
found that sulfuric acid could be separated from the filter by micro- 
diffusion to a suitable trapping medium. During the process of heating 
the filter, the problem of topochemlcal reactions occurring on the sur­
face of the filter between the collected particulate matter and sul­
furic acid was noted. The probability of topochemlcal reactions 
occurring increases as the amount of sample collected increases, so a 
decision was made to collect a small air sample. By collecting small 
samples, the possibility of interfering reactions was reduced, but a 
sensitivity problem was created. Most methods become highly unreliable 
at the low concentrations of sulfuric acid expected when small (l m3 or 
less) air samples are collected. In Chapter IV, a new method for sul­
fate determination having a sensitivity limit of 0.1 p.g was described. 
In the present chapter, the combination of microdiffusion to PDA-Br 
coated dishes, and subsequent pyrolysis of the (PDA)2S04 formed, will 
be proposed as a specific sulfuric acid aerosol method.
1. Experimental
a. Reagents
Refer to Chapters III and IV.
b. Apparatus
In addition to the equipment listed in Chapters III and IV, 
the following apparatus was employed for the analysis of air samples 
for sulfuric acid and total sulfate.
Tape sampler Gelman Instrument Company, Model 23000-1 tape
sample was modified by the addition of a 17 mm diameter stainless 
steel mesh, a 12 mm ID (16 mm OD) O-ring, an 8 mm ID (11 mm OD) O-ring, 
and an 11 mm diameter stainless steel mesh. These parts were layered 
in the sampling port in the order listed to provide support for the 
Fluoropore filters. Without this build-up support, the filters would 
collapse under the pressures produced by the sampling rate employed. With 
the sample port modified in this manner, samples were collected over 
an effective diameter of approximately 12 mm.
Glass dishes Soft glass vials, I5 ran ID X 120 mm,were cut
3 mm from the bottom to provide microdiffusion dishes.
Vacuum desiccator Corning No. 3 or equivalent.
Filters---Fluoropore Teflon filters (47 mm) of 0.5 p pore 
size were used to collect the sulfuric acid aerosol.
Teflon block A 14 cm X 7 cm X 1 cm Teflon block was used to
support the filters during microdiffusion.
Ultrasonic cleaner— Fisher ultrasonic generator, Model CT, 
and cleaner, Model SS-0, were used to sonicate the air samples.
c . Procedure
The sulfuric acid generator of Thomas, et jil.,51 was used to 
produce a standard aerosol to test the recovery of the diffusion-pyrolysis
method at different levels of sulfuric acid. The resultant aerosol was
sampled using a slightly modified Gelman tape sampler to produce samples 
containing from 2 to 40 pg of sulfuric acid on the sample spot.
The Gelman tape sampler is normally expected to operate with 
a 2.5 cm paper tape as the sampling medium. A 4-7 mm Fluoropore filter
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cut in half was slid into the collection zone, and the sulfuric acid 
was collected on a 12 ram spot. A flowrate of approximately 4.0 1/mln 
was maintained throughout the sampling period. Normally, 10 samples 
were collected containing like amounts of aerosol, so that 5 samples 
could be analyzed by the extraction procedure (Total Sulfate Method) 
and 5 by the diffusion-pyrolysis method (Sulfuric Acid Aerosol Method).
i. Extraction Procedure (Total Sulfate Method)
After the sulfuric acid samples were collected on the Fluoro­
pore filter, a 16 mm diameter cork borer was used to cut away the 
excess filter surrounding the 12 mm sample spot. This filter disc was 
placed in a 10 ml beaker and approximately 0.5 to 1.0 ml of the extrac­
tion solvent was added. These beakers, along with a beaker containing 
a blank sample of Fluoropore, were placed in a Fisher ultrasonic cleaner 
and sonicated for 5 minutes.
After sonicatlon, the extract and a 0.5 ml rinse were trans­
ferred to a 5 ml volumetric flask. The sonication was repeated a total 
of 5 times for each sample.
Methanol will extract most hydrogensulfate salts and sulfuric 
acid,36 Since the laboratory samples contained only sulfuric acid, 
methanol was used as the extraction solvent. Besides the hydrogen­
sulfate salts, an actual air sample may contain ammonium sulfate, sodium 
sulfate, and possible small amounts of calcium sulfate. The total 
sulfate can be extracted with a 50$ methanol-water (v/v) solution. This 
mixed solvent Is easier to evaporate than water alone, and will extract 
all the soluble sulfates present in the air sample.
After the samples have been extracted, 2 ml of the 5 ex" 
tract were put into a 15 ran X I5 w  ID dish containing 25O pd. of a 0,5^
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methanol solution of PDA-Br. The samples were allowed to stand for 10 
minutes before they were placed In a vacuum desiccator, maintained at 
80°. A water aspirator was used to produce a vacuum and remove the 
solvent. The dry samples were then pyrolyzed according to the proce­
dure outlined in Chapter IV, except that a quartz tube of the same 
design but with a 33 01111 OD was used. The sulfate content of the samples 
was obtained by multiplying the weight of sulfur dioxide collected by
3.75.*
ii. Diffusion-Pyrolysis Method (Sulfuric Acid Aerosol
Method)
A 15 ram ID X J mm dish was filled with 2^0 ^1 °f a 0*5$ 
methanol solution of PDA-Br. The solvent was evaporated in an oven at 
80°, leaving a thin crystalline coating on the inside of the dish. A 
small amount of PDA-Br will crystallize on the rim of the dish, and 
should be removed with a cotton swab wetted with methanol. The crystal­
line coating was extremely cohesive and resistant to mechanical shock 
up to its melting point (265°).
The filter containing the sample was placed on a Teflon block 
and the sample spot was covered with one of the inverted PDA-Br Coated 
dishes. The Teflon block, filter, and dish were placed in a nitrogen 
purged oven at I250 for 2 hours, after which the dishes were removed 
and directly pyrolyzed (see Chapter IV). By knowing the amount of 
sulfur dioxide produced, the diffusion efficiency, and the sampling rate,
<
5.0 ml^m.w. SO.
2.0 ml m.w. S0e■) = 3.75
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the concentration of sulfuric acid aerosol in the ambient air could be 
calculated.
B. Results and Discussion
1. Total Sulfate Method
Though the Total Sulfate Method is quite simple, there are 
several points to be considered while performing the procedure. It is 
important to insure that the filter disc is placed sample side down in 
good contact with the extracting solution. If methanol is used (to re­
move only sulfuric acid and the common hydrogensulfates), no special 
precautions are necessary, since it will wet the Fluoropore.
Another significant step is the evaporation of the solvent 
once the sulfate has been precipitated. Although 2 ml of solvent can 
be removed easily in the heated vacuum desiccator, smaller aliquots are 
desirable. A water solution of (PDA)2S04 will decompose slightly upon 
extended heating above 80° in air. The results obtained by pyrolyzing 
these samples will be lower than expected. Thus, If any discoloration 
of the precipitate occurs during the solvent removal, the samples should 
be discarded. Since there is no lack of sensitivity with the pyrolysis 
method, the size of the aliquot for most environmental samples can be 
adjusted downward. A working range of 1 to 50 \ig sulfate in the ali­
quot is recommended.
To test both the accuracy and precision of the extraction 
procedure, 10 pi of a I pg/pl (as sulfate) sodium sulfate solution were 
added to one-quarter of a J+7 mm Fluoropore filter. There was some dif­
ficulty removing the last drops of the sulfate solution, since the
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Teflon surface is hydrophobic, and the pipet tips are designed to be 
emptied partially by capillary action. Thi3 problem was overcome by 
placing approximately 50 M>1 de-ionized water on the filter, before
adding the sulfate solution. Approximately 10 p,l of the water-sulfate 
solution were pulled into the pipet tip and flushed out. Once the 
sulfate solution was on the filter, the water was evaporated in an 
oven at 80°, and the sulfate then extracted using 50$ methanol solution.
The results of the extraction were quite good, as 105$ of the 
sulfate was recovered with a coefficient of variance of + 3.6$. The 
recovery was greater than 100$, since the sample pipet tips were rinsed 
while the standard pipet tips did not appear to require any additional 
rinsing. The results obtained using generated sulfuric acid aerosol 
are summarized in Table V. These values compare favorably with results 
obtained with sample spikes, since the precision of the generated 
aerosol samples is not better than + 11$. Due to the composition of 
most air samples, the probability of encountering any anions that would 
interfere with the pyrolysis of the extract is low. The sulfate con­
tent of most air samples exceeds possible interferants such as phos­
phate, carbonate, or nitrate. If, during the extraction procedure, the 
dust collected becomes dislodged, a filtration step should be added to 
remove large quantities of suspended matter.
2. Sulfuric Acid Aerosol Method
The first step in measuring ambient levels of sulfuric acid 
is to separate it from the gross air Bample. The microdiffusion work 
discussed in Chapter III has been expanded to include another filter, 
Fluoropore.
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TABUS V
COEFFICIENT OF VARIANCE FOR EXTRACTION PROCEDURE ANALYSIS 
OF GENERATED AEROSOL SAMPLES AT SEVERAL CONCENTRATIONS
Mig Sulfuric Acid Extracted Coefficient of Variance ($)
5 ±
9 ±  8.2
38 + 6.8
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Fluoropore offers about the same chemical stability as Mitex 
Teflon filters, but Fluoropore comes in much smaller pore sizes. Thomas, 
et al. p 1 have made a comparison of Millipore-MF, Whatman If 1, Poco Gra­
phite, and Mitex Teflon using their sulfuric acid aerosol generator.
The results showed Mitex Teflon to be the least efficient filter. This 
result was expected, since the Millipore filter's pore size was O.U5 M- 
compared to 5 |i for Mitex. When a similar comparison of filter effi­
ciency between 0.^5 p. MF-Mlllipore and 0.5 |i Fluoropore was made, they 
were found to have equivalent filtration efficiencies.
Once the relative efficiency of the 0.5 p. Fluoropore was 
established, a study was undertaken to determine the diffusion effi­
ciency for sulfuric acid for various concentrations. A k j mm Fluoropore 
filter was cut into quarters and solutions of 1 pg/pl sulfate as sul­
furic acid were placed on the surface. The excess liquid was evaporated, 
and a PDA-Br coated I5 mm D  X 3 ram dish was centered over the sample 
spot. The dish, filter, and supporting glass plate were placed in an 
oven at 125° for 6 hours. Figure 12 summarizes the results from dif­
fusing 1 to 50 ng of sulfuric acid to the PDA-Br coated dishes, and 
directly pyrolyzing them after they had been removed from the diffusion 
oven. The data obtained were similar to the Mitex results (Figure 5) > 
although the Fluoropore exhibited much better recovery at the 5 MB 
level.
In all the tests discussed so far, solutions have been eva­
porated to leave a residuaL spot of sulfuric acid on the filter. The 
development of an aerosol generator by our research group offered the 
opportunity to test the diffusion-pyrolysis method with a more repre­
sentative sample. As discussed earlier (chapter III), the spherical
FIGURE 12
DIFFUSION FROM FLUOROPORE FILTERS FOR 6 HOURS
AT 125° USING SULFURIC ACID SOLUTIONS
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structure of an aerosol droplet means that there will be a high mass to 
surface contact area ratio. Consequently, since less acid is in con­
tact with the surface of the filter, a higher percentage recovery is 
expected for a dispersed aerosol than for a spot of sulfuric acid.
The diffusion-pyrolysis method outlined in the Procedure Section was 
followed except the samples were diffused for 6 hours instead of 2 
hours. The results of the diffused and pyrolyzed aerosol samples are 
displayed in Figure 1J. The bars indicate the precision of both the 
extraction (horizontal bars) and the percentage recovery (vertical 
bars). The 15$ not recovered was due to the diffusion process, since 
whatever sulfuric acid evaporates will reach the PDA-Br. It has al­
ready been demonstrated that the pyrolysis of (PDA)2S04 is 100$ effi­
cient for the range employed. Further evidence that the diffusion step 
is the limiting factor was demonstrated by the discoloration of the 
surface of the Fluoropore filter after heating in the diffusion oven.
The precision of the diffusion-pyrolysis method was extremely 
good for points lying on the plateau (5 to 50 ng). For artificial 
samples (jL.e:., evaporated sulfuric acid solutions), the precLsion was 
+ 5.1$ (coefficient of variance) for the diffusion-pyrolysis system.
The precision of the diffusion-pyrolysis analysis of the generated 
sample is summarized in Table VI. On the whole, the precision for the 
diffusion-pyrolysis method is slightly more precise than the extraction 
procedure.
Figure I3 indicates that about 1 p,g of sulfuric acid can be 
detected. In order to obtain accurate information on the ambient con­
centration of sulfuric acid, at least p-K sulfuric arid aerormj 
should be collected. The volume of air needed to reach the recovery
FIGURE 13
DIFFUSION FROM FLUOROPORE FILTERS FOR 6 HOURS
AT 125° USING GENERATED SULFURIC ACID AEROSOLS
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TABLE VI
COEFFICIENT OF VARIANCE FOR THE DIFFUSION PYROLYSIS ANALYSIS 
OF GENERATED AEROSOL SAMPLES AT SEVERAL CONCENTRATIONS
Vtg Sulfuric Acid Diffused Coefficient of Variance ($)
h ± 5.k
8 + 1.7
35 ±  3.0
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plateau can be estimated from previous results or a sample of several 
cubic meters should be taken. The guiding principle in collecting an 
air sample is simply that the larger the volume of air sampled, the 
greater the possibility of neutralizing the sulfuric acid on the filter. 
Consequently, the smaller the volume of air sampled (within the above 
considerations) , the better.
Because of the diffusion step, very few interferants reach 
the PDA-Br. Only volatile species of the air sample would be expected 
to reach the PDA-Br, and of these compounds only the ammonium sulfates 
would interfere. In Chapter III, isothermal TGA's of ammonium sulfate 
were conducted at I750 and 205°. The weight loss amounted to 1,8$ and 
8.2$, respectively, for a 2-hour heating. In an effort to minimize 
both the chemical activity of sulfuric acid and the volatility of am­
monium sulfates and hydrogensulfatea, the diffusion temperature was 
reduced to 125°. An isothermal TGA of ammonium sulfate and ammonium 
hydrogensulfate confirmed the fact that these compounds exhibit no 
volatility at 1250 , and consequently, they would not be expected to 
interfere with the diffusion-pyrolysis method.
All previous diffusion studies were done on treated glass 
plates (Chapter III). Normally, these plates were used once and dis­
carded, but in terms of a practical procedure this practice was wasteful. 
Furthermore, it was reasoned that a more inert support might allow the 
recovery of the 5$ sulfuric acid normally lost to the glass plate. For 
these reasons a Teflon block of sufficient thickness to prevent warping 
under heating was used to support the filter during diffusion. While 
no significant increase in recovery was noted over the treated glass 
plates, the Teflon block could be used repeatedly.
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Previous diffusion studies presented in this Chapter and in 
Chapter XXI used a 6-hour diffusion period at 125°. Later data proved 
that the average recovery after I hour and 5 hours of diffusion was 
identical to the recovery obtained at 6 hours. The precision, however, 
for the 1-hour diffusion was slightly lower, so, as a compromise, a 2- 
hour diffusion was recommended.
C. Summary
The results of this Chapter show that the measurement of 
sulfuric acid can be accomplished in a simple yet efficient procedure.
By diffusing the acid to a PDA-Br coated dish, the need for further 
sample treatment has been eliminated. As a result, technicians are 
freed from tedious procedures that require ion exchange, extraction, 
or titration steps prior to or during the determination.
The equipment Involved can be found in most analytical labs. 
Though the equipment presented here was optimized for laboratory condi­
tions, any variation in design is acceptable as long as the oven can 
reach 500° and be purged with nitrogen. Larger sampling orifices can 
be used allowing faster flow rates and a shorter sampling period. It 
is hoped that the sensitivity of this method will foster the collection 
of hourly samples rather than the customary 2 k hour high volume samples. 
In this way the acid content of the ambient air can be charted in 
greater detail, thus significantly increasing our knowledge of the 
atmospheric sulfur cycle.
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APPENDIX I 
STATISTICS
These formulas were used in calculating standard deviation(s) 
and coefficient of variance.
Standard Deviation(s) = S(x-x)2]^
Coefficient of Variance = 4  X 100$
(hr
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